In many areas throughout the United States, the market value of agricultural land exceeds its use value in agricultural production. This deviation is the result of many factors, including urban influence, recreation, mineral extraction, and other natural amenities. This study examines the drivers of the nonagricultural portion of cropland and pastureland values across the United States using a rich geospatial data framework linked to the USDA's June Area Survey. The analysis suggests that many natural amenities and urban pressures shape the value of US cropland and pastureland, and that development potential is the largest driver of the nonagricultural component of farmland values.
Farmland prices throughout much of the United States have exhibited an unprecedented escalation in appreciation rates in recent years, and as a result, US aggregate farmland values are now at record highs in both nominal and real terms. Farm real estate accounts for over 80% of total asset base of America's agricultural sector (Nickerson, et al., 2012) . Given farmland's prominent role in the financial health of the agricultural sector, the current state of farmland price appreciation presents agricultural and applied economists with a number of important questions that will likely define future research agendas.
This study outlines some of the emerging knowledge on one important aspect of current farmland markets: linking farmland's market value to its nonagricultural use values and amenities. As a productive asset, farmland derives most of its value from the production of agricultural goods and services. However, in many areas throughout the U.S., farmland's market value exceeds its agricultural use value-in some areas agricultural use value makes up less than half of the total market value (Barnard, 2000) . In addition to agricultural goods and services, farmland provides a number of ecosystem services, access to recreational amenities, and areas for urban expansion. While the majority of existing literature has addressed this disconnect in the context of urban proximity (for example, Anderson and Griffing, 2000) , Kuethe, Ifft, and Morehart (2011) show that this value divergence can also be found in predominantly rural areas. Uematsu, Khanal, and Mishra. (2013) suggest that the natural amenities provided by farmland play an important role in the economic health of rural America and find evidence that farmland values, therefore, reflect the premiums associated with positive natural amenities. Bastian et al. (2002) demonstrate that in Wyoming, farmland prices reflect premiums for wildlife habitat, sport-fishing opportunities, and scenic vistas.
In addition, this difference between farmland market and implied agricultural use values may play an important role in regional economic policies. Across the U.S., agricultural land is given preferential tax treatment, in which the taxable value of the land is based on the implied agricultural use value and not the full market value (Anderson, 2012) . However, a number of states have recently revised the tax treatment of agricultural properties. If the divergence between market values and agricultural use value continues to widen, while farm incomes continue to increase states and localities may look to this potential tax revenue to help ease financial difficulties. Understanding the drivers of the divergence-the non-agricultural components of farmland values-may help inform this policy debate.
This study makes an important contribution to the existing literature by developing a simple method for evaluating the portion of farmland market value not associated with the returns from agricultural production. We leverage the unique advantages provided by USDA survey data that provide accurate measures of farmland market values and agricultural returns. This yields new information on the key drivers of farmland prices.
Methodology
Most empirical studies of farmland values employ some variation of the present value model which suggests that an asset's value (e.g. farmland value) is given by the capitalized value of expected future streams of income generated by the asset. In its simplest form, the present value model is expressed:
where P t is the value of a parcel of land at time t, R t represents the returns to land in period t, r denotes a constant discount rate, and E t (.) is the expectations operator given the information available in time t.
Expectations, however, are unobservable, and as a result, it is common to substitute a measure of observed returns, such as imputed returns or cash rents, for expected returns (see, Anderson, 2012) . In this analysis we use cash rents. In this case, the present value model simplifies to:
where R* represents measurable returns to farmland-the agricultural use value.
While the present value model remains the most popular framework for analyzing farmland values, the limitations of the model are widely recognized (Ay and Latruffe, 2013) . The simple present value model has been augmented to include market frictions, such as transaction costs (Just and Miranowski, 1993) , or additional sources of returns, such as development to urban land use (Plantinga and Miller, 2001; Guiling et al., 2009) or government payments (Goodwin and Ortalo-Magne, 1992; Clark, et al., 1993; Weersink, et al., 1999) . In an econometric framework, we can acknowledge the incomplete nature of the present value model by expressing the simplified version of the model as:
where is the portion of farmland values not attributable to agricultural returns. We refer to as the nonagricultural value of farmland, with * representing the agricultural value. Nonagricultural value can be calculated as = − * .
The primary motivation of this analysis is our empirical model which decomposes the determinants of the nonagricultural portion of farmland values as:
where X is the quantifiable drivers of the nonagricultural value suggested in previous studies, such as recreational use, urban influences and natural amenities, β is a set of unknown parameters, and ε t is the regression residual.
In many ways, the estimation of the empirical model (4) follows the standard hedonic approach in which the value of an asset is decomposed into the individual contributions of its characteristics (Rosen, 1974) . A number of studies examine the market value of agricultural lands using the hedonic price framework (for example, Huang, et al., 2006) . One unique contribution of this analysis is that we limit the hedonic analysis to only the portion of the market value not explained by the agricultural use value. We estimate equation (4) separately for cropland and pastureland. It is expected that the drivers of the nonagricultural values of these distinct land types may differ (Doye and Brorsen, 2011) .
Data
The estimation of our empirical model (4) 
Nonagricultural Values
The JAS is based on a probability area frame with an annual sample of about 11,000 segments of approximately 1 square mile. Data is collected from all farmers operating within the sampled segments and segments are surveyed longitudinally over several consecutive years. We examine the cash rent and market value data reported in the JAS for 2010. as not all farmland is rented, and farmland tenure patterns vary regionally. Our models control for state and region effects which are included, in part, to capture some of this effect. Third, small farms are less likely to rent land and may not be primarily motivated by agricultural profitability. In these cases, our model may underestimate the impact of different amenities on nonagricultural value.
Population and Urban Influence Measures
The most commonly cited non-agricultural driver on farmland values is urban influence (for example, Information System software ArcGIS, provides many data layers, including government and nongovernment, commercial, and Census geographies. We rely on ESRI-provided landmark and recreation datasets to provide national coverage of point locations of hospitals and golf courses (ESRI, 2013) .
Proximity to these features may indicate increasing amenity value for individuals. This may indirectly represent pressure for development near hospitals and golf courses. Farmland value is expected to increase with proximity or number of these institutions and features.
A related control variable is the average tract size, which controls for the impact of parcel size on the per acre nonagricultural value.
Recreation and Natural Amenities
Past studies indicate recreation and natural amenities positively influence farmland values (for example, Bastian, et al. 2002; Nickerson, et al. 2012; Pope 1985; Wasson, et al. 2013) . We include the share of national, state, county and regional park land within a 10 mile buffer of the farmland tract (ESRI, 2013) . While parks are generally considered an amenity due to recreation potential, the proximity to parks may indicate other influences such as restrictive zoning or the rural nature of the parcel. Therefore, the effect of park land on farmland values is unknown.
Also included are a measure of distance to nearest recreation water body (rivers and lakes) and the share of tree cover within a one mile buffer. Park and recreational water data layers were obtained from ESRI Data and Maps (ESRI 2013). Land in tree cover is derived from the National Land Cover Database 2006 (Fry et al. 2011 . Values are expected to increase with proximity to recreational water.
Tree cover may not be compatible with highly productive cropland or pasture land; however, because tree cover may provide both amenity and recreational opportunities we expect tree cover to positively impact nonagricultural values. Recent years have been marked by rapid growth in domestic oil and gas production, and leasing mineral rights and the subsequent royalties provide additional returns to farmland. As a result, increased oil and gas production on a particular parcel would be expected to increase its value. We include county-level measures of oil and natural gas production. Data from oil and/or natural gas producing states were obtained on a state by state basis. Most states have production statistics available by field, county, or well, and these data were compiled at the county-level to create a database of county-level production, annually for 2000-2011. Natural gas withdrawals were not available for Illinois or Indiana and estimates were produced using geocoded wells and state total production reported to the Energy Information Agency (Weber, Low and Walsh, forthcoming) .
Finally, research has suggested certain landscape and climate features provide rich natural amenities (McGranahan 1999). We control for climate using weather characteristics-average daily
July maximum temperatures to reflect average day time temperatures. Thirty-year (1971 Thirty-year ( -2000 normals are obtained from PRISM Climate Group 3 . We also include a measure of topography-mean slope within a 300 meter neighborhood. Topography can be a measure of a quality that people prefer -where areas with more variability in slope are more desirable.
Environmental Disamenities
The data are further supplemented with U.S. Environmental Protection Agency data on facilities and sites subject to environmental regulation. We group brownfields, large quantity generators, superfund, toxic release and other EPA sites and facilities as a simple measure to capture the disamenties associated with proximity these environmental releases. As suggested by past research (for example, Messer, et al. 2006) we expect these sites to negatively impact farmland values.
All models include fixed effects, either state or regional indicators, to capture locational heterogeneity. The regions correspond to USDA ERS farm resource regions (Heimlich, 2000) .
Results
We estimate the empirical model (4) using both ordinary least squares and quantile regression following Uematsu, et al (2013) . Overall, our results illustrate that various nonagricultural influences There are a few key differences between the OLS and quantile regression specifications that are worth noting. The OLS regressions include state-level fixed effects to account for locational variation in omitted variables, but the limited number of observations at some quantiles requires the use of regional-level fixed effects in the quantile regressions. Some differences in the results between the OLS and quantile regression models might therefore be attributable to correlation of explanatory variables with unobserved local conditions. For example, temperature normals are not statistically significant in the OLS regression ( is likely to be developed). While the net effect of immediate development on cropland is only weakly statistically significant, it is large compared to most other explanatory variables. Further, the effect of immediate or future development has larger effect and is statistically significant for the larger quantiles of cropland. Tree cover also has a strong influence on nonagricultural value, although the sign is different for cropland and pasture. High levels of nearby tree cover are associated with higher pasture nonagricultural values and lower cropland nonagricultural values. While tree cover would be expected to be a positive amenity, it may be correlated with other disamenties for cropland, such as inaccessibility to roads and heavily sloped land that is unsuitable for development.
Once development potential is taken into account, the impact of proximity to urban areas on nonagricultural values is relatively small, as measured by the PII or distance from urban areas or small town variables. However, distance to a large urban area does have a positive and statistically significant impact on pasture values. Being ten miles further from a large urban area is associated with a three Oil and gas production generally have a negative impact on cropland and pasture nonagricultural values. These variables represent average production per square mile at the county level, so the coefficients should be considered as the "net effect" of local production. While oil or natural gas production may provide additional income to landowners (Weber, Brown and Pender, 2013) or additional local employment and investment (Weber, 2012) , the amenity value of nearby land values may decline. While the net effect in our analysis is generally a decline in nonagricultural values, in some quantiles of cropland the net effect is positive, which reflects the heterogeneity in this relationship. Although nationwide plot-level production data is not currently and may never be accessible, smaller scale regional studies may be able to take advantage of richer data to further elucidate the impact of mining and mineral production on farmland values, both from a local amenities perspective as well as a production impact. 
Conclusion
The recent apprecation in farmland values across the United States has raised a number of important questions that will likely define future research agendas for many agricultural and applied economists. This study presents emerging knowledge on an important facet of agricultural land valuation: the divergence between the market and implied agricultural use values. This study examines the nonagricultural use value of US cropland and pastureland using data collected by USDA's June Area Survey.
The analysis suggests that many natural amenities and urban pressures shape the nonagricultural value of US cropland and pastureland, yet development potential is a key driver of the nonagricultural component of farmland values. Overall pasture values are more likely to be inflated based on nonagricultural influences. These findings explain discrepancies between pasture and cropland values that have been observed in recent years; local amentities explain why pasture values are higher in some areas than cropland values despite the lower implied agricultural use value of pastureland.
The emerging knowledge provided by this study is derived from data that are national in scope.
While geospatial data availability will likely expand in the future and this analysis can be further enhanced, some data will only be accessible or relevant for more limited geographic areas. Future research may build on the foundation outlined here by using more detailed data on local amenities in a restricted geographic area. Future research may also further explore the relationship between "nearby amenities" vs on-site amenities, such as hunting on a specific property versus ample nearby hunting areas.
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